A bioactive glass/agarose/gelatin nanocomposite scaffold was prepared for bone engineering application. The scaffold was characterized by Scaning Electron Microscopy (SEM), Fourier infrared spectra (FTIR), andThermogravimetric Aanalysis(TGA). SEM micrographs showed that the scaffold had a wellinterconnected macroporous structure. TGA indicated that the glass content in the scaffold was 57.12% which is close to the predecided one (60 wt%). The porosity percentage of the scaffold was measured by mercury porosimetry which showed that the scaffold has high porosity percentage (71.30%). In vitro bioactivity evaluation was carried out by immersion of the scaffold in simulated body fluid (SBF) for 2 and 4 weeks. Results showed that the scaffold was able to induce an apatite layer on its surface as verified by SEM, FTIR and Thin Film X-ray (TXRD).
Introduction
A bioactive material elicits a specific biological response at the interface of the material, which results in the formation of a bond between the tissue and the material (Hench et al., 1996) . The basis of the bone-bonding property of bioactive glasses is the chemical reactivity of the glass in the presence of body fluids. The surface reactions lead to the formation of a hydroxyapatite apatite layer and, as a result of this sequence of reactions, bonding of implant to tissue occurs (Hench et al., 1991) .The original bioactive glasses were prepared through melting of related oxide precursors at a relatively high temperature. The most popular bioactive glass was the 45S5 Bioglass (45% SiO 2 , 24.4% Na 2 O, 24.5% CaO and 6% P 2 O 5 wt%). It has been used in several clinical studies (Shapoff et al., 1997). However, increasing the weight of SiO 2 in this composition above 60% resulted in the loss of its in vitro bioactivity and its ability to regenerated bone tissue in vivo (Hench et al., 1991) . Advances in solgel processing technology have allowed the fabrication of bioactive gel glasses with a much wider range of SiO 2 content and variable levels of CaO and ). Therefore, the first objective of the present study was to engineer bioactive glass nanoparticles belonging to the system (SiO 2 -CaO). However, bone regeneration is mainly required in the case of medium to large defects when the bone selfregeneration processes are not enough to heal the defect. In these cases, the bioactive materials cannot be implanted as powder or granulates. To solve this problem, bioactive glass nanoparticles will be blended with agarose and gelatin to produce biocomposites suitable for large bone defect regeneration.
Agarose is a natural polysaccharide obtained from red algae, and has been extensively used in food, cosmetics, and pharmaceutical industries . Therefore, in this work, agarose will be blended with gelatin to improve its biological properties and its ability to support cell adhesion, migration and proliferation. Moreover, the addition of bioactive glass nanoparticles to those blends is expected to improve their bioactivity and mechanical properties.
Materials and Methods

Materials
Tetraethyl orthosilicate (TEOS), calcium nitrate tetrahydrate Ca(NO 3 ) 2 .4H 2 O, and triethyl phosphate (TEP) was all ≥ 98% and purchased from Fluka (Buchs, Switzerland), ammonia solution was 33%, and nitric acid was 68%, from Merck, USA. Both nitric acid and ammonia solutions were used with concentration up to 2.0M. For the polymer phase, we used agarose and gelatin.
Sol-gel synthesis of silverdoped bioactive glass nanoparticles
Bioactive glass nanoparticles with the following composition (67SiO 2 -33CaO) were prepared by a modified sol-gel method (El-Kady A. M., et al., 2012). Initially, tetraethyl orthosilicate, distilled water, and 2M nitric acid (as a hydrolysis catalyst) were successively mixed in ethanol and the mixture was allowed to react for 60 minutes under continueous magnetic stirring for the acid-hydrolysis of TEOS. The appropriate amount of Ca (NO 3 ) 2 .4H 2 O was then added and stirring was continued for 30 minutes allowing the reagents to react completely.. The mixture was then moved into a conventional ultrasonic bath (working at a frequency of 50-60 kHz,100/200 W), and 2M ammonia solution (a gelation catalyst) was dropped into the mixture while vigorously agitated with a mechanical stirrer.
Gelatin of the mixture took place in a few minutes. The combination of both ultrasonic vibration and mechanical agitation of the mixture during gelation was conducted to prevent the formation of a bulk gel. Finally, the prepared gels were dried at 75 °C for 2 days in a drying oven. According to the results obtained from the thermal analysis of the dry gels, which showed no further weight losses above 700 °C, the gels were stabilized by a heat treatment at a constant heating rate of 3 ºC/min up to 700 ºC.
Preparation of nanocomposite scaffolds
Nanocomposite scaffold based on gelatine and agarose was prepared using the freeze extraction method. Bioactive glass nanoparticles were used as fillers. Briefly, 0.2 g of agarose and 0.2 g of gelatin were disolved separately in 10 ml of distilled water at 90 and 45 o C, respectively. Bioactive glass nanoparticles were added first to gelatin solution and well-mixed at 45 o C. Then, the prepared agarose solution was added to the glass-gelatin mixture and well mixed. The mixture was poured into a Teflon mold with 10 mm diameter and 2 mm height. The mold containing the mixture was kept at -20 o C. The frozen mixture was removed from mold and immeresed into ethanol solution at -20 o C to extract water molecules leaving behined a porous scaffold. Thereafter, the porous scaffold was removed from ethonol solution, washed with distilled water several times and left to dry. The glass content in the scaffold was 60 wt% as calculated according to the following equation.
Glass content (wt %) = [W g /( W g +W p )]×100 % Where W g and W p are the weights of the glass and the polymers components, respectively.
Characterization
FTIR analysis
The infrared spectra of the prepared scaffolds were obtained using a Fourier transform infrared spectrophotometer (FT-IR) (model FT/IR-6100 type A). The spectra were recorded in a wave number range of 400-4000 cm -1 .
Thermal analysis
Thermogravimetric Analysis (TGA) of the prepared composite was carried out. Scans were performed in air in a temperature range of 50-1000 °C for the composite scaffold at a rate of 10 °C/min using aluminum oxide powder as a reference.
SEM analysis
The morphology and the porous structure of the nanocomposite scaffold, as well as their elemental composition, were analyzed with Scanning Electron Microscopy coupled with Energy-Dispersive Spectroscopy, SEM/EDXA (JEOL JXA-840A, Electron probe micro-analyzer, Japan) at 15kv. The scaffolds were cut with a razor blade and were then coated with carbon before examination.
Measurement of porosity % of the scaffolds
The porosity percentage of the nanocomposite scaffolds was measured using the mercury intrusion porosimetry technique. (19321, Micrometric, USA)
In-vitro bioactivity evaluation
The in vitro bioactivity of the scaffold was assessed by investigating the formation of the apatite layer on their surfaces during immersion in the simulated body fluid (SBF) under normal physiological conditions as proposed by others (Saboori et al., 2009). Scaffolds were prepared and soaked in SBF that was maintained at 37 °C for two weeks. The SBF had a composition and an ionic concentration almost equal to human plasma. The inorganic ion concentrations in SBF were: Na + 142.0 mM, K + 5.0 mM, Ca 2+ 2.5 mM, Mg 2+ 1.5 mM, Cl -148.0 mM, . The formation and growth of an apatite layer on the surface of the scaffolds was verified by scanning electron microscopy coupled with energy-dispersive spectroscopy, SEM (JEOL JXA-840A, Electron probe micro-analyzer, Japan), thinfilm x-ray analysis (TF-XRD) (Panalytical, X'Pert Pro, The Netherlands), employing Ni-filtered Cu Kα irradiation at 45 Kv and 40 mA, and Fourier-Transform Infrared spectra, (FT-IR) (6100 type A machine) in the range of 400-4000 cm −1 . Figure(1) shows the FTIR spectra of bioactive glass/agarose/gelatin nanocomposite scaffold before soaking in SBF. A peak was observed in the range of 3600-2986 cm 1 , which was assigned to the O-H singles coupled with stretching vibrations for agarose. A small peak was noticed at 2924cm -1 ascribing to CH 2 agarose mode. Another peak was observed at about 1461cm -1 , and was attributed to C-C bonding vibration for the agarose. Also, a peak was observed in the range of 1077-1154 cm -1 which was assigned to the C-O-C stretching vibration glycosidic linkage for the agarose as shown in Fig.(1) . Moreover, the spectrum showed the characteristic peaks of gelatin, the peak noticed at 1655 cm -1 was ascribed to the characteristic peptide linkage of C=O stretching vibration from amid I. The peak at 1542 cm -1 was also attributed to gelatin.
Results and Discussion
Characterization
3.1.1.FTIR analysis
The FTIR spectra of composite scaffolds showed all the characteristic peaks for bioactive glass as reported elsewhere (Yong, et al., 2008) . These are the band located in the range of 1000-1200 cm -1 which corresponds to Si-O-Si asymmetric stretching vibration whereas the band observed in the range of 725-800 cm -1 is attributed to the Si-O-Si symmetric stretching vibration. Another peak, seen at 878 cm -1 , was assigned to the Si-O -with two non-bridging oxygen per SiO 4 tetrahedron. 
Thermal analysis
The thermogravimetric analysis, (TGA), of the composite scaffolds is shown in Fig. (2) . The total weight loss recorded for nanocomposite was 42.88%. This weight loss was attributed to decomposition and burning of polymers leaving behind bioactive glass particles. Based on TGA data, the glass content is 57.12%, which is close to the predicated glass content (60 wt %).
Fig. (2):
The thermogravimetric analysis (TGA) of the composite scaffolds PG60. Figure. (3) The SEM micrographs of the nanocomposite scaffolds where their interconnected and microporous structure can be clearly observed. The presence of bioactive glass particles as a filler in nanocomposite scaffold was confirmed from the EDX analysis plot (Fig. 4) , which showed silica and calcium peaks of glass filler.
SEM analysis
Fig (3):
The SEM micrographs of the nanocomposite scaffolds PG60 where their interconnected porous structure can be clearly observed.
Measurement of porosity percentage of the nanocomposite scaffold
The porosity percentage of the scaffold was measured by the mercury intrusion porosimetry technique. It had high porosity percentage (71.30%). The total pore volume, total surface area and average pore diameter were 0.7974 ml/g, 131.944 m 2 /g and 24.2 μm, respectively. Figure. (5) shows the SEM micrographs of the surfaces of the nanocomposite scaffolds after immersion in the simulated body fluid (SBF) for two weeks and one month. On the other hand, a very thick layer consisting of spherical particles was completely covering the surfaces of nanocomposite scaffolds PG60 that is a hydroxyapatite.
In vitro bioactivity evaluation 3.2.1. SEM analysis
Figure (4):
The EDX analysis plot for nanocomposite scaffold.
Thin Film X-rays
The thin-film X-ray analysis (TF-XRD) was used to confirm that spherical particles formed on the surface of nanocomposite were hydroxyapatite. 
Discussion
Compared to the melt-quenching technique, sol-gel processing produces glasses at low processing temperatures with a higher homogeneity, purity and bioactivity (Zhong et al., 2000) . Moreover, the prepared glasses have porous structures with a high specific surface area. In most sol-gel techniques to synthesize silicate glass, sols were formed by the hydrolysis of low molecular weight alkoxysilanes, such as tetraethoxysilane (TEOS) using water in presence of a catalyst. The hydrolysis reaction replaced alkoxide groups with hydroxyl groups. Siloxane bonds (Si−O−Si) were then formed during a subsequent condensation. Further condensation leads to gelation which, after drying, forms a dry gel called xerogel. Alcohol and water are byproducts of the condensation reaction which evaporate during drying (Hench et al., The introduction of calcium ions to the silica network was expressed by the following reaction:
acts as a network modifier, and one calcium ion will be present for each pair of non-bridging oxygen atoms in the silica network (Kim et al.,
2008).
It is well known that the final size of sol-gel derived powders depends greatly on the type of the catalyst used, which influences the pH of the solution and alters the relative rates of hydrolysis and condensation reactions (Brinke et al., 1990). Preparation of bioactive glasses by the traditional sol-gel process was reported by others (Saravanapavan et al., 2001 ). One-step acid catalysis, needs a long gelation time, which allows the aggregation and growth of colloidal particles in the solution, leading to a final product with a particle size greater than 1 mm (Sepulveda et al.,  2001 ). However, in this study, the traditional sol-gel process was modified by the addition of ammonia solution. Therefore, two-step acid-base catalysis was followed. The addition of ammonia solution as a second catalyst to a sol, that is initially catalyzed by nitric acid, was found to increase the rate of condensation reactions and reduce the gelation time to several minutes rather than days as in the case of the traditional sol-gel process. This is due to the fact that the condensation rate is proportional to [OH − ] above the isoelectric point (Brinker et al.,1990). In this study, excess 2M ammonia was used for gelation and this provided an environment of pH much higher than the isoelectric point of silica (Brinke et al.,1990). Gelation time could thus be significantly decreased. Fast gelation of sol and the application of a moderate ultrasonic dispersion combined with mechanical agitation, as well as the addition of ethanol as a dispersant in our study seem to lead to smaller grains of a regular spherical shape, if compared with the normal sol-gel conversion using only the acid hydrolysis route. Therefore, glass particles less than 100 nm were successfully prepared using two-step acid-base catalysis in this study.
A highly porous glass/agarose/gelatin nanocomposite scaffold with well interconnected structures was successively prepared in this study by the freeze-extraction method. This method was carried out by freezing the bioactive glass/agarose/gelatin mixture below the solvent (water) freezing point at -20 ºC, to induce the phase separation between polymers and solvent, and to create a polymer rich phase that surrounds the water crystals. The Final stage was immersion of the frozen polymers mixture in ethanol bath at the same freezing temperature (-20 ºC) . This is carried out to extract the water by ethanol (Ethanol is a non solvent for agrose or gelatine) leading to a well inter-connected porous structure, A key feature of bioactive materials is their ability to form a hydroxyapatite layer on their surfaces in vivo and in vitro (Xin et al., 2005, Kokubo et al., 2006) . The novel nanocomposite scaffold was able to induce an apatite layer on its surface during the immersion in the simulated body fluid (SBF) as verified by SEM, TF-XRD and FTIR demonstrating its potential application in bone engineering. The formation of the hydroxyapatite layer on the surface of nanocomposite scaffolds that was immersed in SBF were attributed to the presence of glass nanoparticles as fillers in nanocomposite scaffold.
The role of glass nanoparticles in a hydroxyapatite layer formation could be explained by a complex 5-stage process as proposed by others (Hench et al. Stage III: Condensation and repolymerization of surface silanols to form a SiO 2 -rich surface layer.
Stage IV: Migration of Ca 2+ and PO 4 3-to the surface through the silica-rich layer and formation of an amorphous Ca-P rich layer on the surface of the glass by incorporating soluble calcium and phosphate from the solution.
Stage V: Incorporation of OH -, CO 3 2-from the solution and subsequent crystallization of the Ca-P layer to form hydroxyapatite.
Also, the precepitation of hydroxyapatite layer on the surace of nanocomposite scaffold was due to the formation of ester bond as a result of gelatin and agarose interaction. Agarose is a polysaccharide having numerous OH groups at pH 7.5. Gelatin is a polyampholyte with amine and carboxyl functional groups. Gelatin A is positively charged in aqueous solution due to protonation of amino groups (NH 3 + )
while Gelatin B is negatively charged due to deprotonation of carboxyl groups (COO -). In this study we used gelatin B in the fabrication of nanocomposite scaffold and hence, COOH groups of gelatin B interacted with OH groups of Agarose forming covalent ester bonds (COO -) with removal of water. Those ester bonds could attract positive calcium ions from the solution allowing their precipitations on the surface of nanocomposite scaffold. Those calcium ions could in turn attracted negative phosphorous ions leading to hydroxyapatite layer formation.
Conclusion:
Bioactive glass nanoparticles were successfully prepared using the quick alkali mediated sol-gel method. Also, a bioactive glass/agarose/gelatin nanocomposite scaffold was prepared for a bone engineering application. The scaffold had a well interconnected macroporous structure. It was characterized by SEM, FTIR, and TGA. The formation of a hydroxycarbonate apatite layer on the scaffold surface was confirmed by TF-XRD, FTIR and SEM/EDXA, demonstrating its potential application in bone engineering. Rev. 1990, 90. 33-72(ii) Biological applications of bioactive glasses.Life Chem Reports 1996; 13:187-241.(1996) 
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